
7 1-A192 945 VARIABLE MACH NUMBER WALL 
JETS FOR CONTROL/PROPULSION 

1/1
ON HYPERVELOCITY PR. (U) HOKENSON CO LOS ANGELES CA

U UNCLP G J HOKENSON 1998 THC-B2GNB9S3IR DASG6S-97-C-0067
UNCLRSSIFXED F/ 1911 NL

I. 1



II. 
l i

11.25 I11 11.6
111W1 .

GMICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF SIANDARDS-1963-A

w

N'o -.



SECURITY CLASSIWICATION O. 7wIs PAGE

REPORT DOCUMENTATION PAGE

A D-A 192 845 1b RESTRICTIVE MARKINGS
b;ASSIFIED ,

£1. )tLAUNII , • L.AW ., ,, '... 3. DISTRIBUTION/ AVAILAILITY OF REPORT

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE UNLIMITED

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMSER(S)

I TH~t-02GH88031A
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIIZATION(If ,pplicble)

The Hokenson Company U.S. Army Strategic Defense ad

Sc. ADDRESS (City State, and ZIP Code) 7b ADDRESS (City. State. andl ZIP Codle)-
840 S. Tremaine Ave. P.O. Box 1500 , . iL,

Los Angeles, CA 90005 Huntsville, AL 35807 111
Ba. NAME OF FUNDING /SPONSORING 8.OFC YBL 9 RCRMN NTUETIETFWWNME

'S ORGANIZATION (if aOFFIE) YBO 29 PICRMN NTUMN NIIT:- "So IST DASG60-87-C..0087,

' SC. ADDRESS (City, Stare, and ZIP Code) 10 SOURCE OF FUND

The Pentagon 10OGRAM PFUNCING NUMBERS

Washington, D.C. 20301-7100 ELEMENT NO. M. CESSIN. NO.

11 TITLE (kIldude Sm"mny Clawhcation)

Variable Mach Number Wall Jets For Control/Propulsion On Hypervelocity Projectiles/Interceotors:
Tests With An Existing Model.

..z PERSON l. AU OR(S) Dr. Gustave J. Hokenson

13a. TYPE OF REPORT 13b. TIME COVERED IA. DATE OF REPORT (Viear.M, Day) S. PAGE COUNT
Final PROM 8M&U22 TOB8JAN21

15 SUPPLEMENTARY NOTATION

i7, COSA T I CODES 10 SUBJECT TERMS (Continue on reverse if neceam y and ideftfy by block number)

FIELD GROUP SUB-GROUP\ 1Aerodynamics, Hypersonics, Propulsion.

19. ABSTRACT (Conwu an 'rie if rewy and odetfy by bk nu~ber)

1 Wind tunnel tests, utilizing a one-sixth scale model of a proposed interceptor configuration, were
carried out to assess the feasibility of variable Mach number wall jets for propulsion and control
applications at high altitude. The cbjective of this preliminary study was to assess the performance
of such a thruster at high altitude where an enormous billowing of underexpanded exhaust plumes
may cause a variety of problems. Included in these is sensor obscuration as a result of the upstream
migration of low momentum nozzle. boundary layer contaminants. The partially-bounded nature of
the wall jet configuration, as well as its variable Mach number capabilities favorably impact this
problem. In addition, the configuration admits a simple staging, wherein the nose may explosively
separate from the afterbody prior to impact for damage enhancement. The tests indicated that no
degradation in thrust is inherent to the configuration. Additional flowfield visualizations are required
to qtantify the obscuration problem at highly underxpanded c'onditions. Subsequent tests shall also
assess the generation of control sideforces with an asymmetric nozzle throat.k.

20. DISTRIBUTION I AVAILABIL!1'Y OF ABST RACT 121. ABSTRACT SECURITY CLASSIFlC'hN

-UNCLASSVIEDIUNLIMITED 0 SAME AS RP' [ or'C USEOS UNCLASSIFIED
22s. NAME OF RESPONSIBLE INDIVDUAL 22b TEILPHOINE (InClude Area C) 22c OF4CE SY1MOL

Mr. Ken Magnant ! 205-895-4822 DASD-H-V
DO FORM 1473. *& MAR 33 APR edition may be used umtl exhausted SEMRITY CLASSIFICATION OF 141 PAGE

SI other edito are obsoee. UNCLASSIFIED



THE HOKENSON COMPANY

Final Report

Contract No.: DASG60-87-C-0087

VARIABLE MACH NUMBER WALL JETS FOR CONTROL/PROPULSION ON HYPER-

VELOCITY PROJECTILES/INTERCEPTORS: TESTS WITH AN EXISTING MODEL

SPONSORED BY:

SDIO/Innovative Science and Technology Office

MANAGED BY:

U.S. Army Strategic Defense Command

by:

Gustave J. Hokenson, PhD

Chief Scientist

1988

The Iews, opinlons, and/or findings contained in this report are these of the author and should

not be construec as an official Department of the Army pcsition, policy, or decision, unless so

designated by cther official documentation.

8 3 30 101

ELIZABETH K HOKENSONeCH IEF EX JUTIVE*84C S TREMAINE AVE LOS ANGELES CA 4000S0TEL j213)935-3,43



Certification of Technical Data Conformity

rhe contractor, The Hokenson Company, hereby certifies that, to the best of its know-

ledge and belief, the technical data delivered herewith under Contract No. DASG6O-

87-C-0087 is complete, accurate and complies with all requirements of the contract.

Date: A ~

official:.~ 4
G;U'stavj3 Hokentn, PhD
Chief Scientist

Accession F~or
NTiS- GRA&I
DTIC TAB

unjannounced Q
just if icat lo

By - - - -
Distribut ion/-

AvailabilitY Codes
Avai1 anid/or

Dist Special

4IIL7



Table of Contents

Section Page

Table of Contents. ...................... .. .. .

Executive Summary .. ..........................

Discussion .. ........................... 2

Conclusions. ........................... 5

Figures .. ........................... 6

TM



Executive Summary

The huge expansion of chemical propulsion exhausts from hypervelocity interceptors and

projectiles at high altitude results in a billowed plume. This plume interferes with~ the

freestreamn flow and allows low-energy nozzle boundary layer contaminants to migrate

upstream toward the sensor locations. Given a configuration in which a relatively simple

mechanical control could adjust the exit Mach number and direction of the exhaust, many

of the current problems associated with chemical propulsion exhausts may be alleviated.

By utilizing an existing model, the effectiveness of a wall jet on hypervelocity vehicles

for propulsion and/or control applications has been evaluated experimentally. The model

was immersed in a low density flow with the wall jet flowfield observed and net axial

force measured as a function of the jet Mach number and stagnation pressure. The jet

exit Mach number was varied from 2 to 10. Model design modifications have been pre-

pared that would be required to allow the jet to be non-axAisymmetric and generate cross-

range forces as well as Operate in a staged mode with the conical nose separating

impulsively from the skirt. On the basis of these flowfield visualizations and axial force

measurements, the plan for a comprehensive series of wind tunnel tests at a later phase

also has been formulated.



Discussion

The Phase I SBIR program reported upon here addressed the problems associated with

billowed plumes that result from chemical propulsion exhausts at high altitude. Of

primary interest is the upstream migration of low energy boundary layer contaminants

which may obscure on-board sensors. In addition, the meandering plume on maneuvering

vehicles is, itself, a potential source of obscuration. In an effort to make a direct con-

tribution towards the (whole or partial) resolution of these issues, a specific existing

configuration was proposed for experimental investigation.

Self-explanatory schematics of the variable Mach number wall jet model and an enlarged

view of the injection port are presented in Figures I & 2 with dimensions presented in

units of inches. Photographs of the actual model tested are iown in Figures 3 & 4. The

hypothesis which motivated the proposal was that such a partially-bounded thrust jet may

prove, in the net, inherently beneficial due to its geometry, relative to the aforementioned

billowing and migrating plume obscuration problem. In aadition, the design has at least

two other facets which should be of interest relative to the hypervelocity interceptor/

projectile application, namely:

* Simple variable Mach number capability, and

e Staging such that the forebody may readily separate
from the base at the opportune time.

These aspects of the design are depicted in the schematic in which it is clear that, by

moving the model forebcdy closer to the frustrum, the nozzle throat area is reduced.

On the model, this is done via a male thread on the head of a shaft which zonnects the
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two parts of the model and attaches to a female thread in the forebody. Therefore, by

rotating the forebody, the relative axial positions between the two parts of the model,

and thus the throat height, may be varied. For the model the jet is axisymmetric and,

therefore, a relatively uniform jet Mach number is produced as shown in Figure 5. In

order to generate non-uniform exhausts and thereby create a sideforce, non-axisymme-

tric inner and outer walls of the nozzle are required. For example, if both the inner and

outer walls had a bulge on one side, as shown in the following schematic:

NOZZLE THROAT GEOMETRY

\SIDEFORCE-INDUCING
ASYMMETRIES

OUTER WAL INNER WAL

As the forebody is rotated, the nozzle throat closes but the exhaust is azimuthally uni-

form only every 362c of rotation. At intermediate angles, the thrust is non-axisymmetric

and a sideforce is readily produced. Separation of the forebody from the frustrum is

accomplished simply by utilizing explosive bolts.
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Within the model is located a strain gage load cell shown in Figures 6 and 7. Typical

CT results measured on the model by the load cell as a function of the injection Mach

number and pressure are shown in Figure 8. Note that the high Mach number condition

corresponds to a small throat area and mass flow rate.

During Phase I of this research, the aforementioned model was immersed in a low density

chamber shown in Figure 9 which allowed altitudes up to 300,000 ft. to be simulated. A

small nozzle upstream admitted the introduction of a supersonic freestream although

specific flight conditions have yet to be simulated. Figure 10 presents a typical shadow-

graph flowfield visualization of the plume at highly underexpanded conditions.
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Conclusions

Results of the Phase I tests on the wall jet hypervelocity interceptor model clearly indi-

cate that the partially-bounded nozzle exhaust configuration does not reduce thrust

generation efficiency and could have a beneficial controlling/mitigating effect on the

plume billowing of hypervelocity interceptor propulsion jets at high altitude. In addition,

the ability to generate sideforces with the same generic configuration and allow for stag-

ing, wherein the forebody separates from the afterbody at the opportune time, has been

outlined. Extensive Phase II wind tunnel tests at various Mach numbers, altitudes, jet

Mach numbers and pressures, and angles-of-attack have been planned and are the subject

of a forthcoming proposal.
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PHOTOGRAPH OF' EXPERIMENTAL SET-UP

FIG. 9
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